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The Africa Research In Sustainable Intensification for the Next Generation (Africa RISING) 
program comprises three research-in-development projects supported by the United States 
Agency for International Development (USAID) as part of the U.S. Government's Feed the 
Future initiative.  
 
Through action research and development partnerships, Africa RISING is creating 
opportunities for smallholder farm households to move out of hunger and poverty through 
sustainably intensified farming systems that improve food, nutrition, and income security, 
particularly for women and children, and conserve or enhance the natural resource base. 
 
The three regional projects are led by the International Institute of Tropical Agriculture (in 
West Africa and East and Southern Africa) and the International Livestock Research Institute 
(in the Ethiopian Highlands). The International Food Policy Research Institute leads the 
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In rainfed agricultural systems, sustainable and efficient water management practices are 
critical to improved agricultural productivity and natural resources management. The 
agricultural productivity in sub-Saharan Africa (SSA) heavily relies on the availability of 
rainfall. Due to erratic rainfall patterns and poor soils, crop and livestock productivity has 
remained very low over the years in most of SSA, including Mali. Much of the agricultural 
land in SSA has been degraded and is less fertile due to continuous years of cultivation and is 
prone to wind and water erosion. This results in an increased food shortage because the 
land has not been able to support the food demands of the ever-increasing population. 
Better agricultural and nutritional security are further hampered by the lack of reliable 
access to the available water resources in the subsurface.  
 
The two primary surface water sources in Mali are the basins of the Senegal River and the 
Niger River, with a total capacity of 70 billion metric cubes of water in an average year. The 
volume of static underground water reserve is estimated at 2,700 billion metric cubes with 
an annual recharging rate of 66 billion metric cubes. The surface water contributes about 10 
to 15% of the total volume of water consumed by populations; the demand balance is 
covered by underground water (DNH, 2016). Extraction and use of groundwater as a 
resource have been low mainly because, in rural community settings, large irrigation 
systems (through dams) are costly to implement (DNH, 2016). Small-scale irrigation systems 
can be implemented at relatively low costs to benefit smallholder farming communities. One 
of the many low-cost irrigation systems recommended and in place for smallholder farming 
communities is solar energy-based irrigation pumps. 
 
Like other SSA countries, neither hydrocarbon energized motor pumps nor electrical pumps 
are affordable for smallholder farmers in rural Mali. The introduction of solar energy-based 
irrigation pumps is ideal for increasing agricultural productivity and diversifying farming 
practices to produce high-value agricultural products like meat and vegetables. Solar panels 
are becoming more affordable. The improved solar photovoltaic (PV) technologies, with a 
low carbon footprint, have been identified as high potential solutions for rural electrification 
and water extraction for domestic, livestock, and irrigation purposes in SSA. As such, solar 
PV pumps and improved irrigation technologies have become an emerging climate-smart 
technology in SSA for smallholder farmers (Schmitter et al., 2018). Solar irrigation 
technologies need to be accompanied by improved agronomic management practices and 
soil moisture conservation techniques to be highly productive. This report addresses land 
and soil characterization of potential agricultural investment zones for solar energy-based 
















Study area description 
This study was carried out in Bougouni and Koutiala, two out of the seven districts in the 
Sikasso Region of southern Mali (Figure. 1). The District of Bougouni was created in 1956 and 
covered approximately 20,028 km2 with about 458,546 inhabitants (RGPH, 2009). The main 
ethnic groups living in Bougouni are the Fulani, Bamanan, Sarakole, Malinke, Dogon, and 
Bozo. The District is composed of 26 municipalities (communes).  Bougouni district is part of 
the "Haut Bani Niger" zone located with a medium altitude of 350 m above mean sea level 
dominated by crystalline formations of granite and gneiss.  
 
The annual rainfall in the Bougouni district ranges from 1,000 to 1,300 mm. The vegetation 
present has a varying degree of diversity ranging from open forests to savannah trees and 
shrublands. All the alluvial plains are covered with a grassy savannah and gallery forest along 
the rivers. The soil in Bougouni is poor in fertility levels and is exposed to a high rate of 
erosion, low water storage capacity, and poor drainage conditions. Bougouni enjoys a strong 
cereal and cotton production supervised by the CMDT. Agriculture and livestock are the 
main economic activities of the population living in the District, with other secondary 
activities such as trade, gold mining, and handicrafts. 
 
The District of Koutiala was created in 1901 and covers approximately 8,740 km2 with a total 
population of 580,443 inhabitants (RGPH, 2009). The major ethnic groups are Minianka, 
Bamanan, Fulani, Dafing, and Dogon. Koutiala district is covered by the "Plateaux de 
Koutiala" agro-ecological zone, which is made up of vast leathery summit surfaces separated 
by high and low glacis, accumulations of the glacis, and lowlands. The sandstones weather 
easily and are very crumbly, with the absence of cliffs. The average annual rainfall is 900 
mm. The vegetation is composed of wooded savannah with shrub savannah, which is well 
preserved in the south but is severely degraded in the center and the north of the District. 
The loose soils in the valleys and the spreading glacis are constrained by high erosion, high 
humidity, and shallow depth. Koutiala is the leading cotton production area in the Sikasso 
region. There is a great variety of farming systems in the District in terms of intensification 
and agricultural development potential. Breeding of small ruminants (Sheep, Goats, and 









Data collection and analysis 
The data used in this work (Table 1) were collected from multiple sources. These are 
population data, the 30-m Landsat 8 OLI imageries, the 1:500,000 digital soil map of Mali, 
the 30-m Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) Global 
Digital Elevation Model Version 003 (ASTER – GDEM), and climate data from the world 
climatological database. 
 
Table 1: Summary of data collected 
Data Name Variables Sources Resolution 
Population Population number RGPH, 2009 District level Population density  World population 1-km 
Landsat 8 OLI Land Use and Land 
Cover 
www.glovis.org 30-m 
PIRT-Soil Soil type mapping PIRT, 1984 1:500 000 





Average Temperature 1-km 
Sunshine duration  
 
Population density 
Two population datasets were used: (i) to evaluate the total population per District, and (ii) 
calculate the population density per 1km grid cell. The first dataset was derived from the 
national demographic database for 1998 and 2009 (RGPH, 2009). This dataset was used to 
estimate the population in 2020. The second population data is the 1-km gridded population 
density downloaded from the world population website to map the spatial distribution of 
population within the two districts. 
Land use and land cover data (LULC) 
Land Use and Land Cover were derived from eight (08) Landsat 8 Operational Land imager 
(OLI) scenes acquired in November 2019. These images were downloaded from the GLOVIS 
website www.glovis.org. The pre-processing method includes color compositing and 
extraction of the section of images within the area. The maximum likelihood algorithm 
based on samples collected in Google Earth imagery and expert-based knowledge was used 
to extract each identified LULC class area using individual subset areas. The final LULC map 
was produced using a mosaic of all classified subsets for each particular District. The areas 
were computed to evaluate the spatial extent of each LULC class per District. 
Soil data 
The soil map used is the 1:500 000 soil map of Mali from the national Terrestrial Land 
Resources Inventories known as "Projet Inventaire des Ressources Terrestre: PIRT" of 1984. 
This coarse resolution and composite soil map provided basic soil type information but not 
the real boundary of each identified soil unit or type. This work applied the Topographic 
Positioning Index (TPI) method developed by Jenness in 2006 to downscale the initial soil 









Current extent of Land Use and Land Cover 
A LULC class or category refers to a dominant class in the delineated polygon. In the present 
work, 8 LULC classes were used to guide the creation and mapping of LULC in both districts 
(Table 2). 
 
Table 2: Description of LULC classes used in this work 
LULC Class name Description 
Cropland 
Cultivated formations with or without scattered trees (canopy 
coverage 20%) These areas are characterized by annual crops 
(mainly millet and sorghum), harvested in October–November, 
followed by a period of bare soil with crop residues. 
Dense Vegetation 
Mixed class. Land with herbaceous vegetation and a woody 
covering. Land with a dense cover of trees covering approximately > 
20% of the delineated polygon. This class includes Tree Savannah, 
Open and Closed woodland, and Riparian forest.  
Low Vegetation 
Land covered with approximately greater than 20% herbaceous 
vegetation and woody vegetation covering approximately less than 
20% of the delineated polygon or discontinuous grassy formations 
(10–40% plant cover year-round) with or without scattered 
bushes/tall shrubs (canopy coverage, 10%). The rest of the land 
cover consists of erosional surfaces of indurated gravelly ferritic 
clay-silt soils with almost no vegetation. This group includes 
Shrubland and Sahelian Steppes. 
Settlement or Build 
up area 
Build up area in a given space. 
Bare Land Areas with sparse or no vegetation cover due to prolonged drought or degradation.  
Water Bodies Permanent or temporary water bodies, rivers, or streams. 
Lowland Low area, sometimes in double cropping with rice in rainy season and vegetable in the dry season. 
 
In Bougouni District the major LULC classes identified and mapped include Low vegetation 
(35.32%, 6895.57 km2), Cropland (28.95%, 5275.69km2), and Dense vegetation (27%, 
5275.69km2) (Table 3 & Figure A1). In Koutiala District are Cropland (49.81%, 4704.45 km2), 
Low vegetation with (25.26%, 2386.19 km2), Dense vegetation (17.45%, 1648 km2) (Table 3 
and Figure A2). 
 
Table 3: Area of Land Use and Land Cover classes in Km2, 2019 estimation 
Land Use land Cover Classes Bougouni % Koutiala % 
Cropland 5651.73 28.95 4704.45 49.81 
Dense Vegetation 5275.69 27.02 1648.15 17.45 
Low Vegetation 6895.57 35.32 2386.19 25.26 
Settlement 427.34 2.19 356.20 3.77 
Bare Land 1049.78 5.38 246.03 2.60 
Water Bodies 203.18 1.04 3.24 0.03 
Lowland 0.00 0 101.46 1.07 






Soil type identification and mapping 
Soil is the key component for agricultural production. In Mali, soil information can be 
derived from the FAO global soils map (1:5,000,000) and the PIRT composite soil map 
(1:500,000).  However, at the district level, this information is not accurate. In this case, a 
GIS-based approach was used to downscale the PIRT composite map of Mali from 1:500,000 
to a new soil map at 1:200,000 for the two districts. Using this approach, four soil types were 
identified and mapped in Koutiala (Figure 2) and three soil types were identified and 
mapped in Bougouni (Figure 3).  
 
Table 4 shows the map of soil types in the two districts. In Bougouni, the dominant soil is the 
Regosols, which covers around 61.60% of the district’s total area with 12227.75 km2. The 
Lixisols follow this with 7132.59km2 (36.53%); and Gleysols with 285.05km2 (1.46%). In 
Koutiala, the dominant soil is Lixisols with 3613.20 km2 area (37.28%) followed by Entisols 
with 3356.20 km2 (35.53%); Regosols with 1962.20 km2 and Gleysols with 605.56 km2 
(6.41%). Table 4 also shows the constraints of the dominant soils (Jalloh et al., 2011). These 
constraints can be addressed by the use of good agronomic practices and technologies. 
 
Table 4: Area of dominant soil types in Bougouni and Koutiala District 
Soil type Bougouni % Koutiala % Major constraints Agronomic 
Intervention 
Entisols 0 0 3356.20 35.53   
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Figure 2: Soil map of Koutiala District. 
 
 





Soil constraints and opportunities for agricultural investment plan 
The identified major soils in the two districts can be split into ten (10) subgroups according 
to their current usage, agricultural potential, and suitability. Table 5 shows the potential of 
each identified soil subgroup. 
 
Table 5: Potential of dominant soils for agricultural development 






Entisols Tc5 Pasture Very low Non-Arable 
Regosols 
Tc4 Cultivation of millet, sorghum, and peanuts; pastures Moderate Arable 
Tc6 Cultivation of millet, sorghum, and peanuts; pastures Moderately high Arable 
Tc7 Cultivation of sorghum, maize, and groundnuts; pastures High Arable 
Tr9 Crops, pastures Very low Non-Arable 
Lixisols 
Pl9 Permanent cultivation or cultivation with short fallow High to very high Arable 
Pl11 Continuous or short-term rice cultivation Very high Arable 
Ps3 Cultivation, in short rotation, of millet, sorghum, cotton, peanuts Moderate Arable 
Gleysols 
Th7 Pastures and some crops Low / Moderate Non-Arable /Arable 





Source: PIRT, 1984/1986, *Details in Table 7  
Agricultural potential and population density 
Based on the LULC classification of the year 2019, nearly 30 and 50% of the total area for 
Bougouni and Koutiala is under cultivation. To some extent, population determines the 
current crop production and fulfils the crop system's potential for intensive farming in short 
to medium term. In Bougouni and Koutiala, the total population increased from 305,510 
habitants to 630, 346 habitants, and 375,807 to 797,926 habitants respectively between 
1998 and 2019 (Table 6). During the same period, the population density increased from 16 
hbts/km2 to 32 hbts/km2 for the Bougouni district and 40 hbts/km2 to 85 hbts/km2 Koutiala 
district.  
 
The population density hides a very high spatial variability between rural (villages) and semi-
urban areas (towns). To highlight this spatial variability, we classified the population density 
into five categories: "very low density" areas with a population less than 26 habitants per 
square kilometer (<26 hbts/km2); "low density" areas with population density comprise 
between 26 and 49 habitants per square kilometer (26-49 hbts/km2), "medium density" 
areas with a population density between 50 and 99 habitants per square kilometer (50-99 
hbts/km2); "high density" areas with a population density between 100 and 500 habitants 
per square kilometer (100-500 hbts/km2) and "very high density" areas with a population 
with population density greeter than 500 habitants per square kilometer (>500 hbts/km2).  
Figures (6 and 7) show the spatial distribution of population density is weaker in the 






Table 6: Total Population of Bougouni and Koutiala (number of habitants) 
District Sex 1998 2009 2019 
Bougouni 
Male 150 523 225 430 309 890 
Female 154 987 233 116 320 456 
Total 305 510 458 546 630 346 
Koutiala 
Male 186 814 284 268 390 772 
Female 189 301 296 185 407 154 
Total 375 807 580 453 797 926 













































The results presented here constitute the preliminary works of land and soil characterization 
of potential agricultural investment zones in Bougouni and Koutiala. This is the first part of 
the analysis and will be followed by climate and socioeconomic characterization. The results 
presented here will be an input for the Multi-Criterial Decision Making (MCDM) tool, a 
planning, and management solution to assess the potential of agricultural water 
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Table 7: List of variant soils subgroup of the study area 
Soil type Variant Code Variant Name (French) 
Entisols  Tc5 Sols minéraux bruts d'érosion sur cuirasse 
Regosols  
Tc4 Sols peu évolués d'érosion sur cuirasse, regosolique 
Tc6 Sols peu évolués d'érosion sur cuirasse, regosolique 
Tc7 Sols ferrugineux lessivés de colluvion sur cuirasse 
Tr9 Sols peu évolués d'apport colluvial sur grès et quartzite 
Lixisols 
Pl9 Sols ferrugineux lessivés à pseudogley ou tâches et concrétions 
Pl11 Sols ferrugineux lessivés à concrétion 
Ps3 Sols ferrugineux lessivés 
Gleysols Th7 Sols hydromorphes à gley et concrétions Ti3 Sols hydromorphes à gley à tendance vertique 
















































































Figure A4: Population Density map of Koutiala. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
